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Abstract
Even though intelligent measurements of energy consumption is envisioned by electric utilities as a strategic 
communication network to create transparency and efficiency in the operation of the energy industry, the transition from 
traditional to state-of-the-art technologies have induced a significant impact in the legal department of the utilities. Not 
straightforwardly understood by consumers unfamiliar with the updated innovative technologies, surprisingly, the 
modernization of the sector has generated complaints and legal processes that are everyday filed in the legal departments of 
the utilities. In connection with a project developed under the framework of the regulated ANEEL R&D Program 
(sponsored by the Brazilian Regulatory Agency responsible for controlling the electrical sector), a study was developed (i) 
to evaluate the litigation impact caused by the replacement of electromechanical to electronic meters and (ii) to estimate the 
additional operational costs generated by the introduction of smart metering technology. Making use of the time series 
methodology, forecasting univariate models, exponential smoothing, and dynamic regression, a case study was developed 
based on real data made available by an electricity utility operating in Brazil. Results of the work confirm the applicability
of the dynamic regression model proposed that allowed an estimation of the impact of the new measurement technology 
introduced on the amount of input processes named billing complaint on the overall general mass litigation handled by the 
Legal Department of the utility.
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1. Introduction
The National Electric Energy Agency (ANEEL), which imposes regulatory conditions on how this service 
* Corresponding author. Mauricio Nogueira Frota; Tel.: +5521-35271171; fax: +5521-35272060.
E-mail address: mfrota@puc-rio.br.
© 2015 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Organizing Committee of ITQM 2015
279 Carolina Teixeira Nicolau et al.  /  Procedia Computer Science  55 ( 2015 )  278 – 287 
must be performed, regulates the electrical sector and the energy utilities in Brazil. As usual, regulation is based 
on normative procedures and bylaws that establish criteria to be followed by the utilities. In addition, in order 
to fulfil technical and operation criteria, every measuring instrument used must be certified by the metrology 
authority in the country (in Brazil: the National Institute for Metrology, Quality and Technology, Inmetro).
In line with government guidelines that encourage conscious consumption, energy utilities, in partnership 
with universities and research institutions, develop projects in energy efficiency and related matters. Among 
these projects, a few aim to increase measurement assertiveness of energy consumption in controlled 
concession areas of the utility. This goal has been achieved by systematic (and expensive) replacement of old 
fashioned electromechanical meters by intelligent electronic measurement technology in compliance with the 
applicable legislation that states that "... the meter and any other measuring equipment must be provided and 
installed by the utility, at its own expense, unless provided otherwise in specific legislation."[1]
Particularly, this paper discusses and evaluates the administrative and organizational impact that such drastic 
technological change can induce in the legal department of the electrical utility studied, herein artificially 
named Electrical Energy Utility (EEU) to preserve its confidentiality.
Forecasting analysis based on Cochrane and Orcutt dynamic regression models of Time Series [2] was used 
to investigate to what extent the technological change introduced generated legal demands on billing 
complaints in the legal department of the utility. Billing complaints was chosen as the focus of the analysis as it 
proved to be the main offender in the Small Claims’ Court and in the Common Civil Court where claims are 
filed against the studied utility.
Given the recurrence of the facts and benefiting from the statistical analysis employed, the study of the 
"legal universe" proposed in this work indeed contributes to advance the knowledge related to new matters of 
interest to the electricity sector as a whole.
2. Measurement of electrical energy consumption: state-of-the-art 
2.1. Legislative and regulatory frameworks: electricity metering
Regulation on the use of electricity —considered a basic essential service— is a main function of the State. 
Compete to the regulator to establish the connection between electrical energy distributors and consumer of 
electricity. Therefore, imposed by law, the regulator —responsible for balancing interests of the government 
and authorized operators, and whenever needed, harmonize conflicting interests of users [3]— establishes a 
concession agreement to be signed between Government and private companies held responsible for providing 
access to electrical energy services.
Directly linked to the Energy Department, the regulatory agency responsible for the Brazilian electricity 
sector is the National Electric Energy Agency (ANEEL), created by Law 9.427, of December 26th of 1996, and 
established by Decree 2,335, at October 6th of 1997. Performing its regulatory functions, Aneel operates in 
compliance with the applicable legislation that reflects government guidelines and policies: to monitor all 
activities related to the generation, transmission, distribution and sale of electricity; to mediate, at the 
administrative level, any sort of conflicts that may arise between agents and between them and consumers and 
to supervise the electricity market in Brazil as a whole [3].
In addition to the supervision imposed by the regulator and enforced through regulatory requirements, 
measuring instruments used in the electrical sector must comply with specific technical requirements dictated 
by the Brazilian National Metrology Institute (National Institute of Metrology, Quality and Technology, 
INMETRO).
2.1.1. Legislative and Regulatory Frameworks: Electricity Metering
Due to its low cost and its availability in the market, the electromechanical meter is still the dominant 
measurement technology adopted in the Brazilian electrical sector. Functioning based on the principle of 
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induction; these measuring instruments read watt-hour, nowadays still the preferred unit of measure used by the 
utilities. A combination of a current coil (which leads the line current) and a tension coil (which measures the 
electrical voltage) the instrument allows measurement of electrical energy. The two windings, tight to a metal 
structure, generate two electromagnetic circuits. Introduced within the field of action of the magnetic field of 
the coil current, an aluminium disc rotating around its own axis in a worm take care of eddy currents [4]. 
Therefore, measurement of the energy consumption during a fixed period of time is some how related to the 
number of revolutions of this aluminium disk.
Even though widely used, electromechanical meters have an assertiveness disadvantage; i.e.: large 
associated measurement errors (around ± 2 %). In addition to this drawback, these meters are usually installed 
inside costumers units, therefore hindering their access to the meter reader during its monthly on-site visit to 
instruct billing. Moreover, access of the meters by the consumer usually makes the meter vulnerable to fraud 
[4]. Regardless these disadvantages, it is true that electromechanical meters gained credibility from consumers 
who trust that consolidated technology after years of operation. But it is also true that consumers become 
naturally suspicious whenever innovations are introduced to control their energy consumption, in other words, 
their billings.
2.1.2. Electronic Meters
Unlike electromechanical meters, the electronic ones have no mechanical gear, they make use of current and 
power transducers fed by input signals. Power is obtained by means of a multiplier module while energy by a 
recorder component. In these systems, consumer information is recorded and stored in a register unit.
Remote measurement (AMR) is based on the achievement and transmission of data from one device 
remotely positioned, obtained by means of a transmitter device (antenna) envisioning and monitoring, 
measurements while controlling system operation [4]. The following sections describe the two types of meters 
used by the CTN Energy Co. and highlight their main differences and technical characteristics.
2.2. Individualized Measurement System (IMS)
Individualized measuring systems (IMS) require electronic meters directly installed in the consumer unit and 
connected to the distribution transformer (swing meters). Meters installed in the consumer units communicate 
among themselves through the Power Line Communication (PLC) by means of a router installed in the low 
voltage network, transmitting information to a central system (GSM/GPRS technology). Once the information 
is captured by the centralized system, it is automatically used by the utility to instruct the billing system.
2.2.1. Centralized Measurement System (CMS)
The centralized measurement system (CMS) is preferred in areas where the level of energy losses are high 
and the network exposed to fraud, such as in the areas occupied by the Pacifying Police Units of Rio de Janeiro. 
Such measurement system is unique to the low voltage measurements. The centralized measurement system 
uses electronic meters that express the consumption of electrical energy in kWh. These measuring instruments 
remain grouped into secondary concentrators (SC) controlled by another central pivot (CP).
Contrasting to individual measuring devices, the centralized measurement system install its meters on the 
top of the mast pole, a sort of protected network. That means that the low-voltage distribution line is installed
as high as the medium voltage line. In this configuration, each SC has at least 12 electronic meters installed 
inside, depending on the manufacturer of these meters. This is a protected controlled system that can only be 
operated by the utility; it automatically turns off operation in case of violation.
Even though the end users do not have direct access to the meters, each consumer terminal unit has a digital 
display that exhibits, at real time, the energy consumption of each user individually. And just like in the SMI, 
all read information is transmitted to the central information automatically instructing the billing process.
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2.2.2. Advantages and Disadvantages
Reflecting a new technology for end consumers, most of them still do not trust this type of meter. Indeed, 
many articles published in the literature address this lack of confidence in the smart metering technology. 
Section 3 of this paper (case study) addresses this topic in more detail.
This electronic measuring equipment is the basis for the implementation of the so-called smart grid 
technology in the country, whose function is to promote energy efficiency. This drastic technology change also 
requires modernization of the overall network system; this new measurement technology enables greater 
assertiveness in supervising the electrical system in cases of interruption failure ensuring better control of the 
energy balance.
Implementation of smart grid technology will undoubtedly enable automation and rationalization of the 
hourly rate tariff and the introduction of the prepayment billing. These are just some of the competitive 
advantages offered by this new technology that promises to revolutionize the electrical sector.
3. Methodology: Dynamic Regression
The dynamic regression method proved to be an effective tool to perform a time series analysis based on the 
hypothesis (not always realistic) associated with noise independence of the models used. Such hypothesis is 
typical of linear regression methods [5]. The dynamic regression methodology uses explanatory variables to 
justify the forecast of the variable to be studied.
From the dynamic regression approach developed in this paper it was possible to analyse (based on the 
elasticity criterion) how this drastic change in technology (i.e.: replacement of electromechanical by electronic 
type meters) were able to affect the amount of input legal complaint processes labelled as billing complaints
were filed against the utility. 
3.1. Building a dynamic regression model
The main assumption in building a dynamic regression model is the called bottom-up approach. That means 
starting from the simplest model and improving it, whenever necessary, to incorporate additional causal 
variables until the desired model is achieved. Such strategy reflects the parsimony principle, which means that 
the simpler the model the better the result it produces.
The development of a dynamic regression model requires knowledge and skill given the specificities of each 
method. As a general rule, the choice is not just about causal variables, but also about how the lags associated 
to the variable can be implemented in the formulation of the model. 
Additionally, another important step for the development of the model is the perception of its logical 
structure. For instance, in the billing complaint model does not make any sense to introduce some very specific 
variables (eg: DEC, an indicator of the quality associated with the power supply, that measures the average 
monthly interruption of the supply of energy in the utility concession area), even if statistically it such variables 
shows a strong correlation. As stated by [2], " in housing a regression model, one should not only concern with 
a good model fitting parameters, but also check on the coherence of the estimated coefficients.
In contrast to what occurs when using univariate models, the forecast results obtained from the dynamic 
regression models requires not only that the past values of the series are known, but also that the forecast values 
for all explanatory variables are included in the model. Consequently, it is essential that the forecast of such 
variables is based on satisfactory models. In the case study discussed in section 5, these explanatory variables 
are set according to univariate models in order to act as the basis for the forecasting model developed in this 
study. Otherwise, if these predictions are not suitable, the result will directly affect the forecast of dynamic 
regression model while producing inadequate results.
Figure 1 below shows the building blocks of a dynamic regression model based on the bottom-up premise, 
earlier discussed.
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Fig. 1. Building a Dynamic Regression Model
Another resource used in such models is the use of the so called dummy variables. This type of variables 
allows introducing unexpected situations that are not present in the set of time series. For example, a red roses 
sale on Valentine’s Day is an atypical situation, due to the high demand for these flowers in this particular 
period. Therefore, the red roses demand forecast must include a dummy variable to represent the effect on the 
sales in this particular atypical day (June 12).
Is also possible to incorporate into the dynamic regression model the series’ seasonality, which can be 
modelled in two different ways: via dummy variables or through time lags of the independent variable. 
Reference [5] discusses this aspect by considering that in the REN model it is considered a dummy variable for 
the month of July. This is due to the fact that the time series shows that the amount of incoming process for that 
month is rather different from the rest of the year. Besides, usually in searching for a suitable model, one 
should always try different possible formulations to model the series. Hence it is essential to compare these 
possibilities in order to arrive at the best model.
3.2. Statistics
This paper uses statistical analysis to develop a comparison among various contender models as a strategy to 
arrive at the most accurate one [2, 6]. Among the statistics used are the mean and the standard deviation of the 
series:
x R-square and Adjusted R-square: to set up the quality of the fitted models
x Ljung-Box: statistic to check the randomness of the estimated residuals of the model t;
x Durbin Watson: to check on the existence of dependence not taken into account in the model 
formulation
4. Case Study
Based on real data made available by an electricity utility (herein identified as CTN Energy Co.), this 
section describes the results of the case study investigated. The following three topics are discussed: (i) general 
analysis of the database; (ii) creation of the input forecast model of judicious processes and (iii) discussion of 
the results predicted by the proposed model.
Among the proposed hypothesis, it is understood that the replacement of electromechanical to electronic 
meters directly impacts on the amount of billing complaint processes input, both conducted by the Civel Court 
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and by the Small Claims’ Court.
As mentioned, the confidentiality of the data is here preserved (the real name of the utility is hidden under 
the fantasy name CTN Energy Co. where the data made available multiplied by a real constant between zero 
and ten, therefore difficult to be associated with real data from an specific utility).
4.1. Data base analyses 
The huge amount of results that arises from the lawsuit processes investigated addresses both, those related 
to the drastic change in technology and particularly those, the majority that reflects actions demanded by clients 
of the utility (of the order of a few million). These processes are filed by different reasons.
In particular, this paper studies processes classified under the category billing complaint object. Evaluates 
all processes treated within both offices of the ordinary courts of first instance: the Small Claims’ Court and the 
Civil Court, unquestionably, the mass litigation of largest volume in the portfolio of judicious processes filed 
against any electricity utility.
The billing complaint object refers to the customer's inquiry to the company on the amounts charged on the 
invoices. For this study, however, it is considered only complaints related to amounts billed as energy 
consumption, excluding other fees composing the bill, or that are recorded in another type of processes object.
As already mentioned, such objects became the main offender in the company in 2011 processed through 
both, the Small Claim and the Civil Courts. The average monthly number of processes’ claims labelled under 
this motivation has increased from 170 (2008) to 501 (2012) in Small Claims’ Court and from 30 (2008) to 156 
(2012) in the Civil Court, exhibiting an upward trend, as shown, respectively, in Figures 2 and 3 below.
Fig. 2. Billing Complaint [Small Claims’ Court] Fig. 3. Billing Complaint [Civel Court]
In addition to the amount of incoming processes in the utility, it is also important to look at other data, such 
as the results of the closing processes as well as the condemnation costs. This is because, together with the 
analysis of court costs and outsourced office fee payments that are made later, from these data, it is possible to 
develop an analysis to account for the additional cost imposed on the here in considered CTN Energy Co. when 
the object under study is included in its general mass of litigation.
For that very specific reason, first of all, the quality of the closing processes should be analysed to find out 
to what extent it directly influences the expenditure associated with condemnation and outsourced firms. 
Throughout the period studied, only 19% of the concluded cases at the Small Claims’ Court with respect to the 
billing complaint object have had the decision favouring the utility without generating condemnation 
expenditure; concerning those discussed within the civil court, this  percentage  increases to 34%.
In order to identify whether or not the data values paid for the concluded processes treated between 2008 
and December 2012, they followed a normal distribution. Analysis was performed through the Jarque-Bera test, 
while the null hypothesis assumes that data follow a Gaussian l distribution. However, according to the results 
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found, the null hypothesis was rejected for both series investigated (associated with the Small Claim and the 
Civil Court)  i.e., there are  evidences that these data series do not have a parameterized behaviour.
As a result, to adjust the series and eliminate any outliers associated with the time series, all values were 
arranged in ascending order ensuring that the 2.5% lower and the 2.5% higher values of the series were 
discarded. Performing this way, the descriptive statistics values of the filtered series are shown in Table 1.
Table 1. Average payment processes – billing complaint
Year 2008 2009 2010 2011 2012 
Smal Claims Court Average Payment  580,90   828,28   857,32   717,20   831,06  
Civel Court Average Payment  3 088,45   4 090,27   3 671,33   2 521,73   2 002,35  
From the data shown in the above Table, it is possible to notice that the average payment associated with 
Small Claim Court processes has increased over the time, with the exception of 2011. Concerning those 
associated with the Civil Court, this growth has fluctuated over the years, exhibiting a decline in 2012 in 
relation to the first year of the analysis.
In addition to the expenditure data with condemnation, the expenses incurred by any judicial process were 
also considered; the so-called court costs.
Such court costs refer to numerous types of payments (eg: appealing fees, reopening processes fees, 
payment warrant). Likewise, one should add to that a few other charges: photocopies, transportation, among 
other small expenses. In 2012, the Small Claims’ Court expenditure amounted R$ 1.083,95 (costs of general 
processes) while the expenditure of the Civil Court was significantly lower, on average, estimated to be 
R$ 342,48 per process.
Finally, it was analysed the time span of the processes. Due to the number of active processes comprised at 
the CTN Energy’ portfolio, the company hires outsourced firms to monitor all other associated costs incurred 
by the utility.
In the Small Claims’ Court, the utility pays R$ 17,41 a month for each process; in average, billing complaint
processes concluded between 2008 and 2012 lead to an average processing time of about 9.5 months. In other 
words, the utility must pay fees during 10 months for reaching the level of R$ 174,10 per process. In addition, 
cases were concluded in a 10 months period reaching partially valid results (condemnation less than 
R$ 1.400,00) with a bonus of R$ 51,20. As a result of that, each process processed by the Small Claims’ Court
costs to the utility the amount of R$ 225,30 under the heading third part office’s expenditures.
As for the Civil Court, the average duration of the process is approximately 38.5 months; resulting in a 
monthly payment of   R$ 33,34 per process. The bonus paid for those processes that have results partially valid 
at their conclusion is R$ 111,12. Thus, the average payment to the third part offices is R$ 1.411,38.
4.2. Building up a forecast model
In this section, it is discussed the development of the forecast model for the input processes. It was 
conceived to fit exponential smoothing models to become the benchmark formulation for both, the Small Claim 
and the Civil Courts [6, 7]. However, development of the study confirmed that the model that better fitted the 
data were the models ot the Dynamic Regression type, mainly because they include the explanatory variables 
present in the CTN Energy series being modelled in this study.
To carry out the analysis, it was chosen the following three explanatory variables: (i) total quantity of 
electronic meters installed per month (MEDELE); (ii) the total number of consumer complaints notes regarding 
AMR (AG22) and (iii) the monthly average temperature of Rio de Janeiro (TEMPMED). In the first round of 
the study, models making use of these three variables were tested, but, due to high correlation identified among 
them, the model could not include all the variables.
285 Carolina Teixeira Nicolau et al.  /  Procedia Computer Science  55 ( 2015 )  278 – 287 
Before presenting the selected models, it is important to mention that the so-called "log-log models" were 
used as they allow direct estimation of the elasticity between the dependent variable (input of the object billing 
complaint processes) and the explanatory variables (AG22, TEMPMED and MEDELE).
4.2.1 Billing Complaint (Small Claim Court)
Due to the structural break in the amount of input processes, in mid-2011 (shown in Figure 2) it was 
necessary to introduce a structural dummy variable in the series (D201103). Besides this dummy variable, it was 
introduced another dummy variable representing the month of July of 2012, due to the large amount of 
incoming cases associated with that particular month. In other words, the outlier had to be treated and 
disregarded within the series. In addition to the above variables, the model incorporates the AG22 that 
influences the processes that have entered two months after its registration in the company (AG22 (-2)) and the 
number of incoming cases in the preceding month of the analysis carried out RECFATJEC (-1). The model 
equation is materialized by equation 1, given below:  
ࡾࡱ࡯ࡲ࡭ࢀࡶࡱ࡯ = ૙,ૠ૟ࡰ૛૙૚૛૙ૠ + ૙,૜૟࢒࢕ࢍ൫ࡾࡱ࡯ࡲ࡭ࢀࡶࡱ࡯(െ૚)൯+ ૙,૜૟ ܔܗ܏൫࡭ࡳ૛૛(െ૛)൯+ ૙,૟૚ࡰ૛૙૚૚૙૜ (1)
Table 2 – Billing Complaint dynamics regression model (Small Claims’ Court)
Term Coefficient Standard Error t-statistics Percentile 
d201207=YEAR(2012)*PERIOD(7)  0,76 0,37 2,09 0,959 
Log(RECFATJEC(-1)) 0,36 0,11 3,32 0,998 
Log(AG22[-2] ) 0,36 0,06 5,79 1,000 
d201203  0,61 0,14 4,28 1,000 
The statistical analysis performed and the comparison that has involved other fitted models proved to be 
satisfactory. Furthermore, when comparing the first six months of the year of 2013 between forecasted and 
realized series, the average percentage error was only 2%. That is, the model proved to be a good aid tool for 
the budgeting planning of the legal sector in relation to object of billing complaint processes.
4.2.1 Billing Complaint (Civel Court)
Just as in the case of the Small Claims’ Court, the input series of billing complaint processes (processed by 
the Civil Court) presents a structural break in mid-2011, which made it necessary to introduce a dummy 
structural variable in the model. Given the similarity between the structure of the time series and the reality 
between the processes of CTN Energy Co. at both, the Civil and the Small Claims’ Court, the billing complaint 
forecasting model showed similarities between the process that circulate in both Courts. Consequently, the 
explanatory variables chosen —in addition to the dummies to model the structural break (D201103) and outliers 
present in the series (D201206)— were: AG22 complaint note with three months lag and the amount of previous 
months process, resulting in the model described by equation 2:
ܴܧܥܨܣܶܥܫܸ = 0,19 log൫ܴܧܥܨܣܶܥܫܸ(െ1)൯+ 0,33݈݋݃൫ܣܩ22(െ3)൯+ 1,1ܦଶ଴ଵଵ଴ଷ െ 0,83ܦଶ଴ଵଶ଴଺ (2)
286   Carolina Teixeira Nicolau et al.  /  Procedia Computer Science  55 ( 2015 )  278 – 287 
Table 3 – Billing Complaint dynamics regression model (Civel Court)
Term Coefficient Standard Error t-statistics Percentile 
Log(RECFATCIV(-1)) 0,19 0,13 1,50 0,859 
Log(AG22[-3] ) 0,32 0,05 6,38 1,000 
d201103  1,05 0,18 5,80 1,000 
d201206  -0,83 0,31 -2,65 0,990 
Concerning the Small Claims’ Court forecast model, the statistical analysis performed and the comparison 
of the models’ performance confirmed that the selected model responds satisfactorily. Furthermore, considering 
the premise used by the company that variations of up to 30% between the actual and the predicted value by the 
model are considered acceptable, it follows that when comparing the first six months of 2013 the model can not 
be rejected, as the forecast errors were all below the established threshold. In conclusion, it can be said that the 
statistical based forecasting model proved to be a good aid tool for budgeting the legal sector in relation to 
billing complaint object processes.
4.3. Impact of the Legal Department on the input billing complaint processes
In order to analyse the expenditures for the possible number of processes in the first half of 2013, the study 
considered the forecasts up to six months ahead of the first semester of 2013, as shown in the data of Table 4.
Table 4 – Forecast Billing Complaint input processes
Month jan/13 feb/13 mar/13 apr/13 may/13 jun/13 
Small Claims Court 206 203 201 210 227 218 
Civel Court 147 158 161 161 168 179 
Variation  353 361 362 371 395 397 
Therefore, to assess the value of each process for the utility, it was analysed the following types of 
expenditures: condemnation; fees with offices; court costs and general expenses.
For the processes of the Small Claims’ Court, the forecast of new projects produced by the model confirms 
that 1.256 cases were identified for the first half of 2013. According to the information presented throughout 
the work, 81% of the cases generate condemnation costs. For these cases, the unit value is R$ 2.140,31, for a 
total of R$2.177.465,78 if 81% of incoming processes are considered. As for the 19% of the processes that do 
not generate any kind of condemnation cost, the unit value is R$1.309,25 adding up the total do R$312.439,42. 
Thus, the total spending with procedures produced by the dynamic regression model that forecasts the Small 
Claims’ Court, is, approximately R$ 2.489.905,20.
With respect to the Civel Court processes, the input forecast is 974 billing complaint processes, for the first 
half of 2013. According to the information presented previously in this article, there are 66% of cases that 
generate costs related to convictions. For these cases, the unit value of each case is R$ 3.756,21. Multiplying by 
643 (66% of entrants) one arrives at the amount of R$ 2.414.642,04. In contrast, for the 34% of all cases of the 
CTN Energy Co. whose results can be considered successful and not associated with any condemnation cost,
the unit cost is R$ 1.753,86 yielding to a total sum of R$ 580.808,28. As a result, taking into account the 
dynamic regression model for processes labelled under the category billing complaint object in process under 
the Civil Court, the total expenditure in the first six months of 2013 was estimated to be R$2.995.450,31.
Overall, summing up all processes, the CTN Energy Co. had a total expenditure of R$ 5.485.355,52, due to 
the total input billing complaint processes operated in the first semester of 2013.
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Nonetheless, based on recent studies [8, 9], which estimated the consumption for the year 2013 in a few
municipalities of a particular area of the utility (known as “Baixada Fluminense”), this R$ 5.4 million is 
equivalent to the estimated consumption for three towns located in this area, namely: Belford Roxo, São João 
de Meriti and Nova Iguaçu). For this area of concession, a major replacement of 45.000 energy meters has been 
planed to meet the consumer’s expectation.
5. Conclusions
The study confirms that the technological changes that are being implemented through energy efficiency 
projects have a direct impact on the day-to-day energy consumers and utilities. Based on the results obtained, it 
can be concluded that the modernization of air circuits and consumption measurement system (i) increases the 
security and stability of power supply; (ii) allows a more effective level of control by the utility, enabling the 
energy balance of the region as whole, timely; (iv) reduces the network exposure to fraud by malicious users; 
and (v) ensures greater assertiveness in the measurement of energy consumption, benefiting utilities and 
costumers.
The dynamic regression model implemented allowed measuring the impacts that result from the replacement 
of electromechanical meters by electronic meters in the legal sector of the studied company, consequently 
establishing an indicator for Brazilian utilities. 
From the application of the two dynamic regression models proposed (applied respectively to the 
proceedings before the Small Claims’ Court and the Civil Court), it was possible to estimate the economic 
impact on the legal sector of the utility caused by the technological change introduced by the replacement of 
the electromechanical by the electronic meters. The model fitted signals to an economic impact that exceeds 
R$ 5 million. This is a rather significant amount when compared to the economic impact that results from 
frauds. In fact, the estimated value (R$ 5 million) is equivalent to the estimated electrical energy consumption 
of three towns (Belford Roxo, São João de Meriti and Nova Iguaçu), according to recent estimates.
Acknowledgements
To Catholic University of Rio de Janeiro, for the opportunity offered to the first author to be enrolled in the 
Postgraduate Metrology Programme (Metrology for Quality and Innovation), where she developed her 
postgraduate research giving rise to this article. To Aneel, for the opportunity to participate of its regulated 
R&D Programme.
References
[1] Brasil, Resolução normativa n.º 414 Aneel, de 09 de setembro de 2010. Establishes the general conditions for electricity supply under 
an updated and consolidated basis. Available at: <http://www.aneel.gov.br/cedoc/ren2010414.pdf>. Acces in: jan.2013, 2010.
[2] Zanini, A., Redes Neurais e Regressão Dinâmica: um modelo híbrido para previsão de curto prazo da demanda de gasolina automotiva 
no Brasil. MSc-Thesis, Department of Electrical Engineering. Catholic University of Rio de Janeiro, Brazil, 2000.
[3] Kelman, J., Desafios do Regulador. Rio de Janeiro, Synergia: CEE/FGV, 2009.
[4] Lima, A. V. E Pereira, V. O., Automatic transmission of energy data TAD-E. Espírito Santo, Brasil. Monography - Departamento de 
Engenharia Elétrica, Faculdade Novo Milênio, Espiritu Santo, Brasil, 2011.
[5] Ribeiro, B. A., Forecast Judicial Contingency Companies in the Electricity Sector: An Approach Via Regression Dynamics and 
Exponential Smoothing. Rio de Janeiro, Brasil. MSc-Thesis, Department of Electrical Engineering, Catholic University of Rio de 
Janeiro, Brazil, 2011.
[6] Oliveira, F. L. C., Souza, R. C., Marcato, A. L. M., A time series model for building scenarios trees applied to stochastic optimisation. 
Int J Elec Power, 2015;67, p. 315-323.
[7] Goodrich, R. L., Stellwagen, E. A., Forecast Pro: Statistic Reference Manual. Massachusetts, EUA, 2008.
[8] Vinha, L. M. M. V., Centralized system of measurement, its impacts and benefits. Case study of a Brazilian electricity concessionaire. 
MSc-Thesis, Posgraduate Programme in Metrology of the Catholic University, Rio de Janeiro, Brasil, 2012.
[9] Nicolau, C. T., Impacts of the technological change introduced by smart energy metering in the legal department of an electricity utility. 
MSc-Thesis, Posgraduate Programme in Metrology of the Catholic University, Rio de Janeiro, Brasil, 2013.
